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I .  Problems  Studied 

The  initial  set  of  problems  studied  in  this  work  consisted 
of:  . 

(i)  the  comparison  of  the  behaviour  of  photographic  grain 
in  coherent  versus  incoherent  optical  systems, 

(ii)  a  more  complete  understanding  of[  the  signal  dependence 
of  grain  in  coherent  and  incoherent  systems, 

(iii)  the  implications  of  the  results  of  (i)  and  (ii)  in 
the  fields  of  image  evaluation  and  image  processing. 

These  studies  led  naturally  into  some  special  problems  in 
image  processing  with  coherently  recorded  images.  We  concentrated 
on  the  practical  aspects  of  image  phase  and  wavefront  reconstruction 
from  measured  intensity  distributions  in  two  defocused  planes  of  a 
coherent  optical  system.  Three  methods  of  phase  retrieval  have 
been  examined  in  detail:  a  direct  method,  the  Misell  or 
Gerchberg-Saxton  algorithm,  and  a  gradient  search  method. 

Finally,  a  preliminary  analysis  of  the  Lau  effect  was  carried 
out  and  the  effect  extended  to  develop  a  coherent  (and  partially 
coherent)  Lau  effect. 

II .  Summary  of  the  Most  Important  Results 
A.  Photographic  Grain  Studies 

1.  Results  indicate  that  the  coherent  analog  spectrum 

gives  the  same  granularity  information  about  photographic  materials 
% 

that  is  usually  generated  by  incoherent  optical  methods. 

2.  The  first  and  second  order  statistics  of  the  grain 
as  they  are  manifested  in  the  scattered  light  are  the  same  in  in¬ 
coherent  and  coherent  optical  systems. 
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3.  The  signal -dependence  of  photographic  grain  has 
been  demonstrated  using  uniform  grain  patches. 

4.  The  effects  of  the  nonstationarity  of  .the  first 
order  statistics  of  the  photographic  grain  and  the  use  of  spectral 
analysis  techniques  have  been  evaluated. 

5.  The  signal-dependence  of  photographic  grain  has 
been  shown  to  cause  the  traditional  linear  filter  technique  of 
image  restoration  to  be  ill-suited  to  the  task  of  processing 
severely  grain- degraded  images . 

B.  Image  Processing  Studies 

1.  Three  methods  of  phase  retrieval  using  image 
intensities  measured  in  two  defocused  planes  have  been  examined 
in  detail. 

2.  The  direct  method  is  non-iterative  and  potentially 
very  rapid,  but  its  recursive  nature  makes  it  extremely  sensitive 
to  errors  and  noise.  The  method  was  evaluated  for  simulated 
wavefronts  under  conditions  of  defocus  error  and  noise.  Sensi¬ 
tivity  to  round-off  errors  and  noise  precludes  its  use  in  any 
practical  situation. 

3.  The  iterative  Misell  algorithm  has  been  studied 
with  respect  to  its  convergence  properties  under  various  condi¬ 
tions  in  image  and  wavefront  reconstruction.  The  technique  is 

reasonably  tolerant  of  errors  and  noise  and  is  thus  useful  for 

% 

practical  situations. 

4.  The  gradient  search  technique  attempts  to  minimize 
the  error  by  adjusting  the  phases  of  each  sample  in  the  image. 

The  method  is  reasonably  tolerant  of  noise,  but  converges  rather 
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slowly  at  points  in  the  image  having  a  low  relative  intensity. 

For  best  results,  the  required  phase  structure  should  be  located 
in  a  part  of  the  image  having  a  large  and  almost  uniform  intensity. 

5.  The  Lau  effect  has  been  investigated  as  a  result  of  the 
propagation  of  partially  coherent  light.  It  is  found  that  the 
fringe  structure  is  dependent  on  the  relationship  between  the 
grating  separation  and  the  periodicity  of  the  complex  degree  of 
spatial  coherence  in  the  plane  of  the  second  grating.  This 
provides  a  simple  and  elegant  means  of  interpreting  and  extending 
the  Lau  effect. 
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